A new cohort of the Manila clam Ruditapes philippinarum was established in Sanbanse (the shallow coastal area of Tokyo Bay) during October-November 1998. Growth of clams within this cohort was monitored monthly or bimonthly at five stations along an inshore-offshore transect in Sanbanse through November 1999. Mean shell length was about 0.4 mm in November 1998 and increased gradually to about 1 mm in March 1999. The clams then grew rapidly during the warm season and mean shell length reached 25-29 mm in November 1999 at each station. Comparisons of growth among stations in terms of shell length and soft-body dry weight suggest that the growth of R. philippinarum was faster at offshore than inshore stations during warm periods.
INTRODUCTION
Suspension-feeding bivalves are considered to play important roles in material cycling in shallowwater ecosystems. [1] [2] [3] Thus, for proper management of a shallow coastal area facing deterioration of the environment due to anthropogenic activities, it is essential to clarify the autecology of the bivalves dominant in the area. In this context, in the present study, the growth of the Manila clam Ruditapes philippinarum was examined in Sanbanse, a shallow coastal area in hypertrophic Tokyo Bay.
Ruditapes philippinarum lives in sandy sediments of tidal flats or shallow coastal areas (< 5 m in depth) along the eastern coastline of Asia, the west coast of North America and the northern coastline of Mediterranean. 4 As this clam is an important fishery resource in all these regions, 4 studies on the growth of R. philippinarum have been conducted extensively, indicating that growth rates differ markedly between regions. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] In the present study, growth of the clam was evaluated with special reference to the following points, which were not generally considered in previous studies: (i) growth was assessed in terms of softbody dry weight as well as shell length; and (ii) growth was compared among stations that experience apparently similar environmental stimuli. 16 
MATERIALS AND METHODS

Study area
Sanbanse is located in the northern part of Tokyo Bay ( Fig. 1 ) with 12 km 2 of < 2 m depth. In this region only a small area is classified as tidal flat and most of the region is fully submerged throughout the year. 17 Sediments mainly consist of fine sand and grain size increases towards offshore; 17 median grain size is 150 mm at Sta. 1 and 250 mm at Sta. 5 ( Fig. 1 ; Y Nakamura & S Sukizaki, unpubl. data, 2000). Bivalves such as R. philippinarum, Mactra chinensis and Mactra veneriformis are abundant in the area and the former two are harvested commercially. Although Sanbanse faces the mouth of the Edo River, salinity in Sanbanse is usually stable at 25-30 p.s.u. 17 This is because a sluice located 3 km upstream from the mouth is usually closed and freshwater is discharged through the Old Edo River (Fig. 1) . However, the sluice opens once or twice a year for flood prevention. In such cases, the intrusion of freshwater reduces the salinity to below 20 p.s.u. and sometimes causes mortality of bivalves. 
Treatments in the laboratory
Clams collected with the Eckman-Birge sampler were sorted by the method of Hagino.
19 Sediment subsamples (100-200 mL for each sample) were placed in a graduated cylinder (500 mL) and tap water was supplied continuously through a nozzle from the bottom of the cylinder. Small individuals together with fine sediment particles were suspended and allowed to overflow until about 20% of the initial sediment volume was removed from the cylinder. Particles that overflowed were collected in a 125-mm mesh net. Sediments remaining in the cylinder were sieved through a 250-mm mesh net and retained particles, including shells, were combined with the particles retained on the 125-mm net. The samples concentrated as described above were preserved in 70% ethanol solution and individuals of R. philippinarum were isolated under a stereomicroscope based on the criteria proposed by Tanaka. 20 As it is difficult to differentiate shells of newly settled R. philippinarum (200-300 mm in shell lengths 11 ) from those of other species, only individuals with shell lengths larger than 300 mm were isolated in the present study. Shell length was measured with the aid of a stereomicroscope with an ocular micrometer.
Individuals of R. philippinarum with soft-body were sorted from the specimen collected with maki, stored in 70% ethanol and used for following measurements (Table 1) . For samples collected in and before March 1999, only the number of clams was counted. For samples collected in and after May 1999, shell length of all individuals of R. philippinarum was also measured to the nearest 0.1 mm using a digital caliper. For samples in and after July 1999, shells were divided into two groups based on shell length: (i) the group that belonged to the cohort prominent in May 1999; and (ii) other cohorts. Then, shell height and width, and softbody dry weight were measured for randomly selected individuals (n = 100 if available) or all individuals belonging to the cohort prominent in May 1999. The soft-body dry weight was measured with
Sampling
Clams were sampled monthly during a period from April 1998 to March 1999, and bimonthly from May to November 1999 at five stations in the eastern part of Sanbanse (Sta. 1-5; Fig. 1 ). Sta. 1 is exposed during spring ebb tides but other stations are always subtidal. Clams were collected with maki clam-harvesting gear throughout the sampling period; the maki is a dredge with a row of 20 cmlong nails beneath the opening, and is covered with 2-mm mesh net. Its opening width is 78 cm and its height is 60 cm. At each station the dredge was dragged 1 m three times from a small boat. The dragging distance and digging depth calibrated by
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Y Nakamura et al. an electronic balance (detection limit = 0.1 mg) after the soft-body was dried for 3 days at 80°C.
'Fatness index' of the clam 14 was defined as: (soft-body dry weight)/[(shell length) ¥ (shell height) ¥ (shell width)] in the present study.
Statistical analysis
Differences in mean shell length and soft-body dry weight among stations were determined through a one-way anova followed by Fisher's LSD test 21 for comparisons of the mean between two selected stations. Temporal and spatial changes in the ratio of shell width to length were determined through a two-way anova. All statistical analysis was conducted with the aid of a statistical package in excel (Microsoft Corp., USA).
RESULTS AND DISCUSSION
Background information
During the study period, water temperatures at Sta. 3 on sampling dates ranged from 6.4-26.3°C ( Table  2 ). The sluice of the Edo River opened from 30 August to 2 September 1998, 17-18 September 1998, and 15 August 1999; 22 the intrusion of freshwater in 1998 caused some mortality of R. philippinarum and Mactra spp. (Funabashi Fishery Association, pers. comm., 1998).
The minimum shell length of R. philippinarum obtained by the maki-dredge during the survey period was 3.0 mm. Thus, for samples collected by the Eckman-Birge sampler, shells with sizes < 3.0 mm were used for further analysis.
Differences in mean shell length between the three drags of the maki-dredge within each sampling station were tested for samples obtained in July 1999. Shell length distribution was unimodal and the difference in shell length between drags was not significant at each station (P > 0.1). Thus, on all the sampling dates it was assumed that the differences in mean shell length and mean softbody dry weight within a station were not significant for samples collected by the maki dredge.
Growth of Ruditapes philippinarum
During the period from April 1998 to March 1999, prominent peaks of small individuals of R. philippinarum (< 3 mm in shell length) were observed twice, in August and November 1998 (Fig. 2) . In both periods, mean shell length was about 0.4 mm at each station (Table 2) . These results indicate that cohorts of R. philippinarum were established during July-August (summer cohort) and October-November (fall cohort). The densities of the small individuals at Sta. 1 were consistently lower than those at Sta. 3 and 5.
The summer cohort had almost disappeared by October, probably due to the intrusion of freshwater by the opening of the sluice in September (see above). In contrast, mean shell length of the fall cohort increased to 0.8-1.2 mm at each station in March 1999 (Table 2 ; Figs 3,4a) , indicating that the cohort overwintered with shell length less than 1 mm. Overwintering of R. philippinarum juveniles with shell length less than 1 mm was also observed for a population in the Sea of Ariake. 7 Conversely, Kakino and Toba monitored a population of R. philippinarum in Sanbanse from 1985 to 1988 and found fall recruits overwintered with shell lengths of 2-5 mm 12 These discrepancies are likely attributable to a 1-month difference in the spawning/settlement period. cally increased in May 1999 from 85 to 452 individuals per three drags at each station (Table 1) , when shell lengths showed unimodal distributions with means of 5.4-6.5 mm at each station (Table 2; The numbers of R. philippinarum collected by the maki dredge was less than 10 individuals per three drags at all stations from January to March 1999 (data not shown). The number then drasti-
11
Growth of the Manila clam in Tokyo Bay
FISHERIES SCIENCE
1312
FISHERIES SCIENCE
Y Nakamura et al. (10) 117 (8) 146 (7) 157 (8) 188 (9) 9 Nov. (15) 124 (9) 152 (7) 174 (10) 174 (10) n, no. clams sorted. 
Fig. 2 Ruditapes philippinarum.
Temporal and spatial changes in the population density of small individuals with < 3 mm in shell length. Fig. 3 ). This indicates that individuals belonging to the fall cohort with shell lengths of about 1 mm in March grew up to maki-collectable size (larger than 3 mm in shell length) by May. At this period, differences in mean shell length among Sta. 1-4 were not significant (P > 0.2) and shell length at Sta. 5 was significantly smaller than at other stations ( Table 2 , P < 0.05).
The growth of the fall cohort could easily be followed through November 1999 based on the frequency histogram of shell length (Fig. 3) . Mean shell length of the fall cohort rapidly increased at each station from May 1999, at rates of several mm per month to 20-27 mm in late September and 25-29 mm in early November (Table 2 ; Fig. 4b ). Mean shell length in July was highest at Sta. 5 and lowest at Sta. 1 (P < 0.001), and this order was kept through November There were, however, no significant differences in mean shell lengths between Sta. 1 and 2, or Sta. 3 and 4 from May through November 1999 (P > 0.05).
Together with shell lengths, mean soft-body dry weights of the fall cohort increased rapidly from May through September 1999 at each station (Table 2 ; Fig. 4c ). Although mean soft-body dry weight at Sta. 5 was the lowest among stations in May (P < 0.05), mean soft-body dry weight in July was highest at Sta. 5 and lowest at Sta.1 (P < 0.001), and this order was kept through to November There were, however, no significant differences in soft-body dry weights between Sta. 1 and 2 from July through November, or between Sta. 3 and 4 from July through September 1999 (P > 0.05). Between September to November 1999, mean soft- some aquaculture systems, 8, 13 but much lower growth rates have also been reported in lagoons in the west coast of North America, the Mediterranean or Hokkaido. 9, 10, 15 Comparisons of the growth and shell shape among stations Estimation of growth of clams based on cohort analysis is biased when: (i) rates of immigrations/emigrations for the population are substantial; or (ii) mortality greatly depends on the size of clams. The distance of movement of R. philippinarum in Sanbanse 3 months after the release was generally less than 200 m, 12 which was much shorter than the distance between the adjacent sampling stations in the present study (ª 700 m; Fig. 1 ). This indicates that immigration/emigration of the clams did not greatly affect the estimation of growth in the present study. In contrast, mortality as a function of the size of clams was not assessed body dry weight at Sta. 5 decreased, and the rate of increase in soft-body dry weight at Sta. 1-4 was lower than previously (Fig. 4c) . During the corresponding period, fatness index greatly decreased (Fig. 5a ) and the gonads of R. philippinarum apparently reduced (Y Nakamura & A Iijima, pers. obs., 2000). These observations strongly suggest that the clams in the fall cohort matured and spawned between late September and early November 1998.
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The results obtained above indicate that R. philippinarum in Sanbanse reached a commercially harvestable size of about 30 mm in shell length and spawned approximately 1 year after initial settlement (Fig. 4) as observed in previous years. 12 Similar rapid growth was reported for the Banzu tidal flat of Tokyo Bay, 11 Sea of Ariake 7 and 1314
Y Nakamura et al. and, thus, the possibility that the growth estimation was biased cannot be ruled out in the present study.
The rank order of mean shell length and mean soft-body dry weight among Sta. 1, 3 and 5 was reversed between May and July and this order was maintained through November (Table 2) . Although the growth estimation based on cohort analysis should be treated carefully (see above), these findings suggest that the growth of R. philippinarum was more rapid at the offshore Sta. 5 than at inshore stations from May to July 1999.
In general, the growth of clams is affected by temperature, salinity, exposure regimes and food availability [chlorophyll-a (Chl-a) concentration]. 4 In Sanbanse, however, no spatial trends, such as an inshore-offshore gradient in temperature and salinity were detected in previous surveys conducted in 1996. 17 Thus, these variables do not seem to explain the variations in the growth of the clam among stations. Although Sta. 1 is exposed during spring ebb tides, mean shell length and soft-body dry weight at Sta. 1 were not significantly different from those at Sta. 2 (subtidal) and differences in mean shell length and soft-body dry weight were detected between subtidal stations of Sta. 3 and 5 (Table 2) . Thus, exposure regimes also cannot explain the spatial variation in the growth of the clam.
Previous observations indicate that Chl-a concentrations in Sanbanse generally decrease towards inshore, 17 probably due to the filtering activity of bivalves present there. 23 Thus, if such a gradient in Chl-a concentration was established from May to July 1999 (unfortunately Chl-a concentrations were not measured in the present study), the faster growth of R. philippinarum at offshore station (Sta. 5) might be explained in terms of food availability; individuals at the offshore station received more food. However, the biomass of bivalves including Mactra spp. and other species in May and July 1999 was very low with values of 30-50 g wet weight per m 2 at Sta. 1-5 in May; these are one to two orders of magnitude lower than in the period when bivalves were abundant. 17 Under such conditions of low biomass of bivalves, establishment of the inshore-offshore gradients in Chla concentration during the period of May to July 1999 remain unclear.
Ratios of shell width to length (W/L) differed significantly among stations and sampling day (P < < 0.001 for both station and period), with smaller values at offshore stations and a general increase over time (Fig. 5b) . The apparent faster growth of the clams at offshore stations was accompanied by lower W/L ratios and is consistent with previous suggestions; individuals with lower W/L have experienced better conditions for growth than individuals with higher W/L. 24 
